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THE EFFECT OF ARTIFICIALLY PRODUCED SPACE CHARGE 
ON THE ELECTRIFICATION OF CLOUDS 
ABSTRACT 
An investigation was made of the influence of an artificially produced 
space charge on the lower atmosphere and on the formation of precipitation. 
Examples are given of the perturbations in the atmospheric potential gradient 
and space charge resulting from the corona discharge of 45 kilometers (km) of 
high voltage line. It was shown that approximately 17 percent of the cumulus 
clouds that passed over the 130 km2 charge source became electrified. 
During the 1962 season of operation there was a higher frequency of first 
echoes but less precipitation in the plume of charge area downwind of the wire 
than in the area surrounding the wire. The statistical significance of the 
results of the precipitation study is low, but the data indicate that there 
was not a marked increase in the precipitation immediately downwind of the 
artificial charge source. 
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INTRODUCTION 
During the summers of 1961 and 1962 a field experiment was conducted in 
central Illinois to determine the effect of artificially produced space charge 
on the electrification and precipitation formation of cumulus clouds. The 
study was an effort to test the validity of the cloud electrification theory 
proposed by Grenet and Vonnegut(2) which suggested that cloud electrification 
is initiated by the normal fair weather space charge in the lower atmosphere. 
Many of the results of the experiment were reported by Semonin et al.(3) This 
report constitutes a further study of the data, and describes the effect of 
the space charge on the fair weather atmosphere, cumulus clouds, and 
precipitation. 
An artificial charge source consisting of a network of high voltage wires 
was used to charge the lower atmosphere. Instrumented aircraft were used to 
trace the movement of the artificial charge aloft and to determine its influence 
on the local clouds. Radar and raingages were used to detect any effect of the 
charge on the formation and amount of rain. Details concerning the design of 
the experiment and descriptions of the equipment were reported by Semonin et al. 
MODIFICATION OF THE FAIR WEATHER SPACE CHARGE AND POTENTIAL GRADIENT 
The first section of this report describes the modification of the fair 
weather potential gradient and space charge distribution effected over a large 
area by space charge emitted from the wire. An analysis is then presented 
which gives the percentage of clouds which, after passing over the wire, become 
electrified. Finally, the possible influence of the charge on the precipitation 
and first echo distribution is discussed. 
MULTIPLE PASSES THROUGH THE PLUME OF CHARGE 
On days that were clear, or when the cumulus had little vertical development, 
a number of missions were often flown in the vicinity of the wire to measure the 
horizontal and vertical distribution of space charge and the associated vertical 
component of the potential gradient perturbations. A knowledge of the general 
distribution of charge from the wire was useful as an indication of where to 
look for charged clouds when clouds were present, and in what type of environment 
they were growing. The following case studies give examples of the variety of 
data obtained. The measurements in each study in this section were taken over 
a time period of approximately one hour. 
Case Study, August 2, 1962 
On August 2, 1962, a series of aircraft passes was made over the field lab 
(location shown in figure 5). Passes were made in a north-south direction 
perpendicular to the portion of the wire passing by the field lab, the only 
portion influencing the atmosphere in that immediate area. The wire was 
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emitting negative space charge. The sky condition was 0.2 cumulus with winds 
light and variable, generally from the south or southwest. Two passes were 
made in each direction at 60, 150, and 300 meters (m) above terrain. The 
potential gradient (PG) measurements from the northbound passes are given in 
figure 1. It may be seen that there is excellent agreement in the magnitude 
of the PG at any given altitude for passes made in the same direction. However, 
the maximum perturbations in the northbound passes were separated in space and 
time from the southbound maxima (not shown), indicating a delay in the response 
of the PG sensor of approximately 5 seconds. 
The largest reversals in the fair weather PG occurred on the lowest passes 
at 50 m with correspondingly smaller reversals for the passes at higher 
altitudes. The reversal in the PG indicated that much of the negative charge 
was above the aircraft. The minor peak in the measurements taken at 300 m 
altitude and 0.7 km north indicates that the measurements ax that altitude 
were beginning to be influenced by the increasing amount of negative charge 
beneath the aircraft. If further measurements had been taken at higher 
elevations, they would probably have indicated an increase in the fair weather 
PG as the aircraft climbed above most of the negative charge. The passes made 
in a given direction on this date show remarkably good agreement, but repeated 
passes made under higher wind conditions on other occasions usually indicated 
more variability downwind of the wire. 
Case Study, August 25, 1961 
A series of repeated passes in two directions at several altitudes was 
made on August 25, 1961. The wire was emitting negative space charge. The sky 
condition was less than 0.1 cumulus and the winds were out of the west-southwest 
at 3 meters per second, (m/sec). 
Four east-west passes were made over the wire at the field lab, two at 
690 m and two at 380 m above terrain. The resulting PG and space charge 
measurements are shown in figure 2. Most of the charge measured came from the 
wire intersecting the field lab, but the measurements on the eastern end of the 
passes were probably influenced by charge from the wire southeast of the lab. 
The lower passes at 380 m gave reversals in the PG indicating that much of the 
negative charge was above the aircraft. Space charge was encountered along 
several kilometers of the pass with maximum concentration of 60 e/cm3. The 
second pair of passes at 690 m indicated that, although the aircraft was 
passing through negative space charge of concentrations up to 40 e/cm3, most 
of the negative charge was beneath the aircraft as indicated by the enhancement 
in the PG. 
A series of north-south passes was made at the coordinate of 0 east-west 
at three different altitudes. Four passes were made at 380 m. The maximum 
space charge concentrations were found about 1 km north of the source. A 
second maximum occurred 5 or 6 kilometers north, apparently from charge off 
the southern end of the wire northwest of the field lab. Sometimes there were 
enhancements in the PG (figure 3) while at other times reversals occurred,  
indicating that the atmosphere was unstable and the plume of charge was not 
always following the same path. The fifth pass was taken at 690 m where the 
PG fluctuated about the average undisturbed fair weather value. The space 
charge concentration at that altitude was somewhat less, and the maximum 
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concentration occurred further downwind. A single pass was made at 990 m 
altitude but no space charge was found. There was a slight enhancement in the 
PG, however, indicating the negative charge beneath. 
A schematic diagram was made of the electric field in the vicinity of the 
plume of charge during fair weather from the results of theoretical considera­
tions and numerous airborne measurements. The diagram and a synthesized 
vertical sounding of PG through the plume are shown in figure 4. The PG 
reversal is greatest at the earth's surface because electric field lines of 
force originate on positive induced charges at the surface and terminate 
somewhere in the plume of negative space charge. A minority of the negative 
space charges in the plume are terminal points for lines of force originating 
on positive charge in the atmosphere and ionosphere. A hypothetical sounding 
taken through the plume would therefore show the greatest negative PG at the 
surface. The PG would then decrease upward until it reached zero. Continuing 
higher, the PG would increase positively from zero, with an increasing amount 
of negative charge beneath the aircraft. Finally, if we assume that the 
undisturbed atmosphere is positively charged above the negative space charge 
plume, the PG begins to decrease toward the ionosphere. 
GRID PATTERN FLIGHTS THROUGH THE PLUME OF CHARGE 
On a number of occasions, gridlike patterns were flown over the wire 
network at various altitudes to measure the areal distribution of the emitted 
space charge and the accompanying potential gradient perturbations. As was 
discussed by Vonnegut et al.,(4) the plume of space charge behaves similarly 
to a plume of smoke from a line source. Its concentration downwind depends 
upon the source emission rate, atmospheric stability, wind speed, and 
diffusivity. However, unlike a plume of smoke, the net space charge is not 
conserved but decays as it is conducted away by the air. 
The relaxation time of the air, T, the time for the charge on a body to 
decay to 1/e of its original value as a result of the ionic conductivity of 
the air, is determined by the expression T = ε/λ where e is the permittivity 
and λ the total ionic conductivity of the air. According to Bradley,(5) the 
electrical conductivity in the first few kilometers above the earth's surface 
in the Midwest varies from 1 x 10-14 to 3 x 10-14 mho/m, with an average of 
about 1.75 mho/m. This results in relaxation times varying from 5 to 15 minutes 
with an average of about 8 minutes. For example, with a wind speed of 5 meters 
per second, the charge would travel a distance of 2.4 kilometers within a 
relaxation time of 8 minutes. The charge concentration of the plume therefore 
decreases with distance because of diffusion and charge leakage, and 
consequently the distance to which the charge may be traced is limited. 
Case Study, August 7, 1962 
The horizontal distribution of space charge and potential gradient for two 
different atmospheric conditions are given in figures 5 and 6. On August 7, 
1962, at 1330 a grid pattern was flown over the wire area at an altitude of 
300 m above terrain. The measurements taken on this date, as well as those 
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in the following case studies, were made over a time period of approximately 
1.4 hours. East-west passes were flown and, as in all the grids, a path spacing 
of 1.6 km (1 statute mile) was used. The arrows in figure 5 illustrate the 
type of flight path used on this date and in the cases discussed later in the 
text. The surface winds were from the north at 2 m/sec, the sky condition was 
less than 0.1 cumulus, and the aircraft observer reported the air to be moderately 
smooth for fair weather. The wire was emitting negative space charge. 
Immediately south of the northeasternmost wire in figure 5 there is an 
enhancement in the fair weather field at several locations immediately downwind 
as a result of an excess of negative charge beneath the plane. Another 
kilometer or so downwind, the potential gradient reverses direction to about 
-0.5 V/cm since much of the charge appears above the aircraft. No space charge 
was measured directly in that area, either because none was being convected 
upward at the time the aircraft was passing through or because the plane was 
not intersecting the area of convected charge. As the aircraft traversed the 
other wires there were no further increases in the PG, perhaps because the 
flight path fell either directly over the east-west wires or were downwind 
1.6 km rather than 0.8 km, as in the pass near the north-eastern wire. 
Downwind of some of the other wires, negative space charge was directly 
intercepted in concentrations greater than 100 e/cm3. Although the charge was 
intercepted on single passes only, they have been graphically interpreted as 
areas. Because of the low wind conditions, the charge did not have the 
opportunity to drift very far from the wire within its period of relaxation time. 
Case Study, September 21, 1961 
On September 21, 1961, a grid similar to that on August 7, 1962 was flown 
under a much higher wind condition of 9 m/sec from the south. The passes were 
in a north-south direction at a slightly higher elevation of 380 m above 
terrain. This time the wire was emitting positive charge. The sky conditions 
varied throughout the duration of the flight from clear to 0.5 cumulus. 
Comparison of figures 5 and 6 indicates that the charge was carried much 
further downwind than on August 7 because of the higher wind velocity. The 
higher wind also apparently induced greater turbulent mixing, bringing space 
charge to flight altitude over a much larger area. There was a reversal of 
the PG downwind of the southwesternmost wire because much of the charge was 
below the aircraft, but over most of the network the PG is of such a polarity 
as to indicate positive charge above the aircraft. On the flight of August 7, 
with wind speeds of 2 m/sec, the maximum disturbance in the fair weather field 
occurred within 2 km of the wire. On September 21, with winds of 9 m/sec, the 
maximum PG was 4 to 5 km downwind of the dominant charge source. The distance 
downwind of the maximum PG, however, is not only a function of the wind speed 
but also of the altitude of the measurements with respect to the plume as can 
be seen in figure 4. 
Case Study, September 22, 1961 
On September 22, 1961, starting at 1215, identical grids were flown 
simultaneously with two aircraft. One flew at 380 m above terrain and the 
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other flew immediately behind it at an altitude of 690 m. The surface winds 
were south-southwest at 8 m/sec, and the sky condition was 0.5 cumulus. The 
wires were emitting positive charge. Both aircraft were measuring the same 
undisturbed fair weather PG of about 0.8 V/cm„ The PG grids from both aircraft 
are shown in figure 7. 
The simultaneous measurements of the PG at two different altitudes were 
used to estimate the amount of space charge in the layer between the two 
flight levels. Given a layer of space charge of uniform concentration and of 
infinite extent, the space charge concentration p within is given by the 
formula 
where ε is the permittivity of the atmosphere, and Z the thickness of the 
layer. In the situation considered here, the layer of space charge is not 
uniform in concentration, nor of infinite extent, but the horizontal changes 
in the PG are small over distances comparable to the layer thickness of 0.31 
km. An estimate of the average space charge between the two flight altitudes 
may therefore be made. The results of such a calculation are shown in 
figure 8. Because the assumptions for the calculation were not rigorously 
met, the space charge values cannot be considered completely accurate, but 
they are indicative of the approximate magnitude of the space charge 
concentrations in the layer between the 380 m and 690 m altitudes. Figure 8 
indicates that the maximum concentrations in that layer occur at about 5 to 
7 km downwind of the nearest surface wire. This corresponds to the distance 
downwind that air would travel in 12 minutes, using the surface winds. 
An estimate was also made of the total amount of charge in the layer 
(0.31 km thick) within the area surveyed by the aircraft. The areas between 
the isopleths of space charge on figure 8 were planimetered, and a space 
charge concentration midway between the values of the bordering isopleths 
was assigned to the areas. The total charge in the layer is then the product 
of the sum of the areas between the isopleths of space charge times their 
respective space charge concentrations times the layer thickness. From this, 
it was determined that the total charge in the layer was approximately 0.2 
coulomb contained within 71 km3. 
Case study, August 30, 1961 
The highest of all the series of grids was flown on August 30, 1961, at 
1500 at an altitude of 1200 m above terrain. The wind was south at 5 m/sec, 
and the skies were clear. The wire was emitting negative space charge. During 
most of the flight the aircraft was essentially above all of the artificial space 
charge. The presence of a space charge was just barely detected in one or two 
locations. Therefore the potential gradient had a polarity that indicated the 
space charge was beneath the aircraft. Figure 9 shows that the potential gradient 
was enhanced over most of the wire network and several kilometers downwind. 
The case studies well illustrate the type of environment in which clouds 
may grow in the plume area. The charge was carried downwind a number of 
kilometers or more before its presence was no longer detectable, either directly 
or indirectly, with the aircraft. The ambient space charge concentration 
away from the plume was too low to be measured reliably with the aircraft 
instrumentation, but was probably in the order of 1 to 5 e/cm3. Therefore, 
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the charge introduced into the air raised the local charge concentration in 
limited areas several kilometers downwind of the wire by a factor of ten or 
more. The charge was found to have a very inhomogeneous distribution, as would 
be expected. It did not become thoroughly mixed within the subcloud region or 
mixing layer within the distance that it could be detected. 
CHARGED CLOUD STUDY 
During the course of the project, airborne electrical measurements were 
made above and below numerous cumulus clouds to determine if they had become 
charged while passing over the line. The measurements were usually made 
immediately beneath the cloud bases, but on a few occasions were made above 
the cloud tops. Reliable direct space charge measurements could not be made 
inside the clouds with the space charge filter because of tribo-electrification 
of the device by cloud particles. All of the cloud data taken in 1962 with the 
Tri-Pacer aircraft were examined to determine the percentage of clouds which 
became charged by passing over the wire. The procedures used and results of 
the analyses follow. 
For this investigation, a cloud was considered to be charged if, as the 
aircraft passed beneath it, there was a perturbation in the potential gradient 
such as to indicate charge of wire polarity above the aircraft. For example, 
if the wire was emitting negative charge, there would have to be a decrease in 
the PG as the aircraft passed beneath the cloud. For clouds that were not in 
the plume of charge, i.e., clouds uninfluenced by the wire, the cloud was 
considered charged if the PG either increased or decreased beneath or above 
the cloud. All of the classifying was done by one experienced observer. 
For a minority of the clouds investigated, the measurements were taken 
just above the cloud tops. If a cloud was in an area undisturbed by the wire 
changes in the PG above the cloud strongly suggested that the cloud was charged, 
but if the cloud was in the plume of charge it was not always possible to 
determine whether the charge that was indicated beneath the aircraft was in 
the cloud or beneath the cloud base. The number of clouds that fell into this 
category are few and were listed as uncertain. 
The plume of charge was arbitrarily defined as the area enclosed by the 
projection of the wires downwind a distance equivalent to that traveled by the 
surface winds in 20 minutes. As discussed earlier, 20 minutes is approximately 
equal to 2-1/2 times the average electrical relaxation time of the atmosphere 
in the area. 
No attempt was made to take an equal sample of clouds in or outside the plume. 
The purpose of determining whether the clouds were electrified was primarily to 
find clouds which took in charge from the wire and continued to grow both in 
physical size and degree of electrification. However, from time to time clouds 
outside the plume of charge were studied either intentionally or inadvertently. 
No attempt was made to sample clouds of any particular size. Usually, the 
largest cloud in the area was chosen if a choice was to be made, but nearly all 
the clouds were fair weather cumulus. 
The categorization of the electrified clouds proceeded as follows. A 
cloud was considered for analysis only if its location was well established. 
The PG measurements for the clouds flown above or beneath by the Tri-Pacer 
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aircraft were then examined to determine whether the clouds were electrified,, 
It was also determined for each cloud whether it was in or outside the plume 
of charge as previously defined. A third category was made for clouds outside 
but downwind of the plume. Clouds which fell on the plume boundaries were 
categorized as uncertain. The results of this study are given in table 1. A 
similar but more detailed table with the dates of the measurements is given in 
Appendix I for further reference. 
A total of 160 cumulus clouds were studied, 72 of which were inside the 
plume area. Of the in-plume clouds, 15 percent were found to be charged, 74 
percent uncharged, and 11 percent uncertain. If the clouds of uncertain charge 
are disregarded, the result is 17 percent of the in-plume clouds charged and 
83 percent uncharged. These charged clouds were found on six different days. 
In the area downwind of the plume, 39 percent of the clouds were charged, 57 
percent uncharged, and 4 percent uncertain. Outside of the plume, but not 
downwind of it, 15 percent of the clouds were charged, but these all occurred 
on one particular day, June 13, 1966, which was discussed in detail by 
TABLE 1. Location and State of Electrification of Clouds 
Number 
Number Number uncertain, 
State of Number out of downwind in or out 
cloudsa in plume % plume % of plume % of plume % 
Charged llb 15 8C 15 9d 39 4 36 
Uncharged 53 74 44 81 13 57 5 46 
Uncertain 8 11 2 4 1 4 2 18 
Total 72 54 23 11 
a = Total clouds = 160; b = 6 different days; c = all on 6-13-62; d = 2 on 6-13-62 
It is apparent that most of the clouds that passed over the wire did not 
become charged, which is reasonable because it could not be expected that all 
clouds in the plume area would have their "roots" in the surface air of the wire 
area. Many of them were formed upwind of the plume and simply drifted into the 
plume without convecting in any surface air from the immediate area. Also, it 
may have been possible for some clouds to form in the vicinity of the wire, 
especially under light wind conditions, and to develop from pockets of air that 
were not charged. 
The demonstrated difficulty in charging clouds should be considered in 
the design of any future experiment intended to seed clouds from the surface 
with any material. Even with a relatively large source of seeding agent, the 
Except on this particular day, when all the clouds were 
apparently charged for some undetermined reason, no charged clouds were found 
outside the plume. From the appearance of a number of charged clouds downwind 
of the plume, it seems that some of the artificially charged clouds remained 
charged more than twice the relaxation time of the air, or perhaps were carried 
by a low-level wind with a faster velocity than the surface wind and therefore 
traveled downwind a greater distance (within 2.5 relaxation times) than is 
predicted in the plume as defined for this study. 
Semonin et al. (3) 
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percentage of clouds in the vicinity of the source that ingest the agent is 
small. If the seeding agent were conservative it would, however, be mixed 
through a thicker layer and enter a greater percentage of the clouds further 
downwind of the source than was possible in this experiment. 
It was previously reported by Semonin et al.(3) that one of the problems 
in trying to determine if the Vonnegut cloud electrification hypothesis was 
occurring with artificially electrified clouds was that most small cumulus 
clouds rarely grow into larger clouds, so that the chances for one of them to 
do so over the wire network when one of the aircraft was observing it was very 
small. Furthermore, only about 17 percent of the clouds passing over the 
wire became electrified, so the possibility of catching a cloud under appropriate 
conditions becomes rare. It must be concluded that if further work were to be 
done to electrify clouds artificially, it would take a very much larger wire 
network to increase to a tolerable level the chances of catching a cloud under 
favorable charging conditions in Illinois. The experiment could best be 
performed in an area where there is a much greater frequency of cumulus congestus 
formation and very little horizontal movement. 
FIRST ECHO STUDY 
It was hypothesized that if charge from the wire accelerated the formation 
of precipitation downwind of the wire the amount of precipitation and frequency 
of first echoes downwind would increase. Studies were therefore conducted of 
the precipitation and first echo formation in the plume of space charge downwind 
of the wire as compared with that in the surrounding area. A description of the 
radar and raingage operations was given by Semonin, et al.(3) The first echo 
study proceeded as follows. 
For each hour of simultaneous wire operation and radar (CPS-9, 3-cm) 
operation during May through August of 1962, the number of first echoes in and 
out of the plume of charge were tabulated. These echo frequency data were 
subdivided into 5-mile range intervals from the radar because the ability of 
the radar to detect precipitation of a specific, low intensity is range dependent. 
This portion of the report uses English units rather than metric to facilitate 
use of the radar data which was in English units. 
Surface wind data were averaged for intervals of 1 hour. The plume area 
(affected by the operation of the wire ) was determined by projecting the direction 
of the surface wind a distance equal to that traveled in 20 minutes at the 
velocity of the surface wind. Then, in addition, the area swept out was projected , 
in the direction of the cloud base winds for the distance required to intersect 
the 40 nautical mile range mark of the radar. This total area was defined as 
the plume "effect" area. The area in this study was larger than that used in the 
charged cloud study in order to allow the extra time needed for precipitation to 
form. 
Cloud base winds were determined from pibal observations made at the field 
laboratory. Cloud base heights were determined by one of two methods; either 
by computation of the lifting condensation level from available temperature and 
humidity data or by using pilot flight reports during the time period under 
investigation. 
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Where pibal observations were not available to obtain the winds at cloud 
base heights rawinsonde data were employed from Peoria, Illinois, (PIA), 60 
nautical miles from the wire. Since only two rawinsonde runs per day are 
available, the one closest in time to the interval being tabulated was used to 
obtain the upper winds. 
Planimeter measurements were made of the plume area and that area outside 
the plume within the 5 nautical mile range intervals. First echo counts were 
thus corrected for the increase in area within the range intervals due to 
increasing radial distance from the radar station. 
The results from the study are illustrated in figure 10. The number of 
first echoes per square nautical mile is shown as a function of range in 5 
nautical mile intervals. The data were normalized in this fashion to permit 
a comparison between the plume effect area and the much larger non-plume area. 
The total number of first echoes observed was 394 with 50 inside the plume 
and 344 outside the plume. With the exception of the range interval of 30-35 
miles, all of the in-plume data show a higher echo frequency than do the 
out-plume data. The most impressive difference is in the first range interval 
where more than twice as many first echoes appeared within the plume than outside 
of the plume. While this range interval would be expected to reflect reliable 
results in terms of radar sensitivity, the number of echoes observed was 
limited to a total of 68 including 17 inside the plume. 
PRECIPITATION ANALYSIS 
Area-weighted precipitation averages were tabulated for each hour of wire 
operation which coincided with the occurrence of precipitation during May through 
August of 1962. As in the first echo analysis, the precipitation amounts were 
further grouped as to whether they occurred in or out of the plume. The same 
method used to determine plume effect area in the first echo analysis was employed; 
however, plumes necessarily were extended only to the boundaries of the Water 
Survey's East-Central Illinois Raingage Network, covering an area of 300 square 
nautical miles and described previously by Semonin, et al.(3) Precipitation 
data were determined from raingage charts. 
Tabulations were made of the area mean rainfall per month occurring in and 
out of the plume. Histograms, figure 11, were constructed of the ratio of in-
plume area to total raingage network area (percent) versus frequency (hours). 
In this analysis, the plume size varied from 10 to 80 percent of the total area 
of the raingage network. The histogram interval was 5 percent. Values of area 
mean monthly precipitation for in-plume and out-of-plume areas were computed 
for each area interval for each month. A histogram, shown in figure 12, with 
sums of the mean precipitation for the 4 months was also plotted. 
These graphs are interpreted as follows: Four 1 hour periods which had a 
plume area of between 30 to 35 percent of the total area occurred in May. In-
plume average precipitation was 0.0843 in per 10 mi2 and out-of-plume average 
precipitation was 0.1925 in per 10 mi2. 
Results for May and June show that mean precipitation amounts were generally 
greater out-of-plume than in-plume. These two months show a ratio of out-of-plume 
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to in-plume precipitation of approximately 2 to 1. Unfortunately, the sample 
size was small. Only 23 hours on 6 days and 13 hours on 3 days of precipitation 
during May and June, respectively, coincided with the wire operation. 
Twenty-six hours in July on 5 days had precipitation coincident with wire 
operation. July mean precipitation amounts were generally greater out-of-plume 
than in-plume. The ratio of out-of-plume to in-plume precipitation was 1.3 to 
1. 
Only two hours of wire operation corresponded to observed precipitation 
in August during a single day. No ratio of out-of-plume to in-plume 
precipitation was computed, since there was no observed in-plume precipitation. 
A summary of the results is given in table 2. 
TABLE 2. Comparison of Rainfall Within and Outside of Plume Area 
on East-Central Illinois Network, May-August, 1962 
May June July August 
Average precipitation 
in-plume (inches/10 mi2) .0188 .0132 .0468 .0 
Average precipitation 
out-of-plume 
(inches/10 mi2) .0326 .0301 .0610 .0024 
Number of times 
avg. precip. greater 
in-plume than out 3 2 3 0 
Number of times 
avg. precip. greater 
out-of-plume than in 7 4 5 1 
Precipitation ratio 
( in-plume)   .57         .44        .77   ---
out-plume 
These results are similar to those obtained by Stout and Bradley(6) for 
the summer of 1960. The early results showed that the average rainfall outside 
the target area (plume) exceeded that in the target area in three months of 
operation by differences of 5 to 40 percent. The 1962 data show that the 
average rainfall for individual cases outside of the target exceeded the target 
area rainfall by 23 to 56 percent. Because of the limited sampling period of 
both the 1960 and 1962 seasons, the data were not subjected to statistical test-
ing, but the limited sample suggests that the decrease in precipitation in the 
plume of charge was caused by the wire. Conversely, the data indicate that the 
wire did not increase the precipitation immediately downwind. 
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CONCLUSIONS 
It was found that approximately 17 percent of the clouds occurring within 
the plume of charge from a network of charged wires were electrified. If clouds 
downwind of the plume are considered to be part of the in-plume clouds, the 
percent charged is raised to 24 percent. The remaining uncharged clouds in 
the plume apparently either formed upwind of the wire network or in areas 
within the wire network that were not electrified. This difficulty should be 
considered in the design of any experiment attempting to seed clouds from the 
surface. 
The analysis of the first echo formation downwind of the wire showed a 
higher frequency of first echoes within the plume of charge, but a similar study 
of the downwind precipitation revealed less precipitation in the plume than 
outside of it. Although there are few data, they suggest that charge did induce 
a development of radar detectable particles aloft but that this resulted in a 
possible reduction in the time required for precipitation development. 
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Appendix I 
Location and State of Electrification of Clouds 
. In-plume Out of plume Downwind Uncertain 
clouds clouds of plume location state of 
clouds Date No. % Date No. % Date No. % Date No. % 
Charged 5-15-62 3 6-13-62 8 5-15-62 2 5-15-62 3 
5-16-62 2 5-21-62 1 6- 7-62 1 
5-21-62 2 6-13-62 1 
6-13-62 1 6-21-62 3 
6-21-62 2 6-22-62 1 
8-10-62 1 8-10-62 1 
Total 11 15 8 15 9 39 4 36 
Uncharged 5-15-62 5 5- 7-62 2 5-15-62 2 5-16-62 2 
5-16-62 4 5-16-62 4 5-21-62 2 6- 8-62 3 
5-17-62 7 5-17-62 1 6-13-62 1 
5-21-62 6 6- 4-62 3 6-22-62 2 
6- 4-62 2 6- 7-62    8 8-10-62 6 
6- 7-62 4 6- 8-62 2 
6- 8-62 1 6-11-62 6 
6-22-62 1 6-22-62 2 
6-23-62 6 6-23-62 5 
7- 3-62 5 7- 3-62 3 
7-26-62 1 7-26-62 3 
8- 9-62 2 8- 9-62 1 
8-10-62 3 8-10-62 4 
8-13-62 6 
Total 53 74 44 81 13 57 5 46 
Uncertain 5-15-62 1 8- 2-62 2 8-10-62 1 5-17-62 1 
6-13-62 5 7-26-62 1 
7-26-62 2 
Total 8 11 2 4 1 4 2 18 
Total Clouds - 160 
